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Abstract
The resolving power of two-dimensional Direct Current (DC) Electrical Resistivity Tomography (ERT)
is investigated in the context of shallow faults. Subsurface electrical resistivity data was collected
perpendicular to a secondary fault scarp of the Los Osos Fault Zone with a Syscal KID Switch 24
resistivity meter and processed with Prosys II and Res2DInv software to produce two-dimensional
cross sections of resistivity values via a smoothness-constrained least-squares optimization method.
Comparison of ERT inversion results to a trench wall map of the same fault scarp suggest the location
and dip direction of faults is resolvable, while detailed fault structure, such as dip angles, are not. These
results show that non-invasive reconnaissance subsurface exploration with resistivity surveying is a
valuable complementary tool to other shallow geophysical exploration methods such as refraction
seismology.
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Electrical Resistivity Tomography
Electrical Resistivity (ER) surveying is a geophysical prospecting method which produces ER cross
sections of shallow earth structure on the order of 10s of meters of depth. Electrical resistivity surveys
have been used since the 1920s in hydrogeological, mining, and environmental investigations [Telford
et al., 1990]. Among its many applications, it has been used to characterize aquifers, which are
underground layers of permeable rock from which drinking water can be extracted. It has also been
used in the monitoring of groundwater pollution and in the investigation of the Earth upper crust, and in
the delineation of the structural setting of volcanic areas [Koukadaki et al., 2007; Park and Wernicke,
2003].
Resistivity is a fundamental material property which is a measure of the material's opposition to the
flow of current. It is expressed as a resistance through unit distance, thus its SI units are in ohm-meters.
To measure the resistivity of a cross-section of the earth, current is injected into the ground through two
electrodes which form a complete circuit. In homogenous ground, current distributes itself uniformly
across a hemispherical shell centered on the source. As current paths cross an interface separating
different resistivities, they refract much as seismic waves encountering an interface (Fig. 1). However,
unlike the case of seismic waves, current paths refract towards the normal when crossing into rock with
higher resistivity, and away from the normal in rock with lower resistivity [Telford et al., 1990].

Figure 1. Qualitative distribution of current flow lines. (a) Homogenous subsurface. (b) Layered
subsurface. When material with greater resistivity is located beneath the horizontal interface, the
current flow lines refract away from the normal and are more closely spaced than in (a).
In rocks and soil, current flows primarily by electrolytic conduction. Electrolytic conduction involves
the movement of ions rather than free electrons. The resistivity (or conductivity, the inverse of
resistivity) of a material is therefore determined by the mobility of conducting ions present. In general,
it is most dependent on the water saturation, the presence of dissolved salts, and the connectivity of
pore space. However, there are a number of other factors that influence resistivity. It is one of the most
variable material properties, with values ranging from 10-8 Ω-m for native silver and 1016 Ω-m for
pure sulfur (Fig. 2). Sedimentary rocks have low resistivity values due to their high fluid content, while
igneous rocks tend to have the highest resistivities. Most rock-forming minerals, including quartz and
mica, are highly resistive insulators; unconsolidated sediments and clayey soil are more conducive to
current. It is not possible to identify rock type solely on the basis of resistivity data. Rather, resistivity
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data may be used to supplement other types of data and reduce the uncertainty of the interpretation.

Figure 2. Representative electrical resistivities of rocks, minerals, and soils. Note that many distinct
types of geological materials have overlapping electrical resistivity values.
In the shallow subsurface where well developed soil profiles exist for several meters, the presence of
water controls much of the variation in resistivity. The resistivity of groundwater varies from 10 to 100
Ω-m. Increasing saturation, salinity, porosity of the rock and the number of water-filled fractures tend
to result in decreases in resistivity.
To collect ER data a direct current is passed through a pair of electrodes pushed into the soil, and the
voltage generated across a pair of potential electrodes is measured. Potential difference patterns provide
information about subsurface heterogeneities. The current and potential probes are usually arranged in
a linear array. Figure 3 shows a conventional four electrode array to measure subsurface resistivity.
Probe A is the current source and probe B is the current sink. Voltage is measured across the potential
probes M and N.
If the electrode at A carries a current I, the potential at M can be calculated from Ohm's law:

where l is the distance from the electrode, ρ is the resistivity of the medium, and q is the area of the
cross-section. Since the current distribution is uniform over a half-sphere, we may write it as
3

Figure 3. Arrangement of electrodes in an electrical survey. Four electrodes are required to make an ER
measurement. Current electrodes are denoted by “A” and “B,” and probes measuring electrical
potential are denoted “M” and “N.” Different types of surveys can be taken by varying the positions of
the four electrodes to build up a set of measurements.
The potential at point M is due to the contributions from the current at source A and sink B; that is

where AM and MB are the distances from the point to electrodes A and B. Similarly, the potential at N
is

The potential difference between M and N is then measured as

Regrouping gives the apparent resistivity as
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or, to simplify,

Here, k is a geometric factor whose value is dependent on the arrangement of electrodes A, B, M and
N. K is inversely proportional to the signal strength of the measurement. Thus, Equation 7 gives the
apparent resistivity of an electrically homogenous and isotropic half-space.
One-dimensional resistivity surveys come in the form of vertical soundings and horizontal profiles. To
obtain a horizontal profile, the current and potential probes are shifted along the array one electrode
spacing at a time, and a series of measurements are taken. Constant separation traversing is an ideal
survey mode for detecting vertical anomalies, such as dikes and cavities.
A vertical sounding is composed of data collected with the array spacing expanding about the midpoint
of the array for successive measurements. As the separation between current electrodes increases, so
does the depth of current penetration. This method works well for mapping horizontal structures like
sills or sedimentary layers; it has also been used to determine water table depth. Figure 4 shows a
possible use of vertical surveys where an aquifer might be identified based on a layered electrical
resistivity response.

Figure 4. An example of an aquifer, a type of structure suited for exploration using vertical electrical
sounding.
A 2D cross-section of the subsurface can be created by using a combination of vertical sounding and
horizontal profiling techniques. The expedience of automated data acquisition systems has made it
possible to sample hundreds of data points in rapid succession. Two dimensional surveys usually
employ a large number of electrodes connected to a multi-core cable. An electronic switching unit
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automatically selects the four electrodes needed for each measurement.
There are four main types of arrays used in two-dimensional resistivity surveying. They are the dipoledipole, pole-dipole, Wenner-Schlumberger, and Wenner arrays [Telford et al., 1990]. They differ in the
relative positions and spacing of the current and potential electrodes. Each array type has its own
advantages and disadvantages. A Wenner array using 24 electrodes was implemented for this
investigation.

Figure 5. The different electrode arrays and their geometric factors.
In a dipole-dipole array, the convention is to maintain a constant separation between the current probes
and the potential probes. The distance between the current and potential pairs is maintained as an
integer multiple of the current and potential probe spacing. This technique records the largest anomalies
in comparison to other surveys, but it has a relatively low signal-to-noise ratio [Ward, 1990].
The pole-dipole array is an asymmetrical array. One of the current (source) electrodes is placed very far
away, while the current sink is placed in the vicinity of the two potential electrodes. This geometry is
useful because it reduces the distortion of equipotential surfaces. It has been used to detect cavaties
between highways [Smith, 1986].
With the Wenner-Schlumberger array, the inner potential probes remain fixed while the outer current
probes are moved. The Wenner-Schlumberger array is ideally suited for distinguishing lateral from
vertical variations in resistivity [Wightman et al., 2003].
The Wenner array has been noted for its sharp vertical resolution and high signal-to-noise ratio, making
it appropriate for fault investigation [Ward, 1990]. Its geometric factor is k = 2πa, where a is the
spacing between adjacent electrodes. Figure 6 shows a possible sequence of measurements for a
Wenner electrode array for a system of 20 electrodes. First, all the possible measurements with an
electrode spacing of 1a are collected. For the first measurement, electrodes 1, 2, 3, and 4 are used; for
the second, electrodes 2, 3, 4, and 5; and so on. For a Wenner array with 24 electrodes, there are 24 – (1
x 3) = 21 possible measurements with 1a spacing.
After collecting the data for the 1a spacings, the next sequence of measurements with 2a spacings is
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made. Electrodes 1, 3, 5, and 7 are used for the first measurement; electrodes 2, 4, 6, and 8 are used for
the second, and so on. For a system with 24 electrodes, there are 24 – (2 x 3) = 18 possible
measurements with 2a spacing. This process is repeated for electrode separations of 3a, 4a, 5a, 6a, 7a,
and the maximum separation of 8a, yielding a total of 84 measured apparent resistivity values. The data
are arranged in a 2D “pseudosection” showing both lateral and vertical variations in resistivity. The
pseudosection provides a preliminary model from which a more accurate representation of subsurface
resistivity values will be derived. In a psuedosection display of a Wenner array, apparent resistivity
values are initially plotted below the midpoint at a depth equal to the electrode spacing a.

Figure 6. The arrangement of electrodes for a 2D electrical survey. Dots in the subsurface represent
image points of apparent resistivity values measured during the survey.
For all array types, there is a tradeoff between resolution and depth of coverage. A rough rule of thumb
is that depth of investigation is 20% of the profile length. Increasing the investigated depth requires
increasing the distance between the current probes. The shorter the electrode spacing, the more detailed
is the resolution, especially in the uppermost subsurface. In contrast, the greater the electrode spacing,
the poorer is the resolution, though a deeper investigation is achieved. The decrease in resolving power
is exponential with depth. As a result, inhomogeneities tend to be averaged out with large electrode
separations.
Modeling begins with the assumption that the earth is composed of uniform layers. In principle, a
structure composed of uniform layers can be fully determined. In fact, if the region beneath the survey
line is homogenous, this method predicts exact resistivity values. In practice, perfectly uniform layers
are rarely observed; most often, layers grade vertically into one another. Sometimes layers are
anisotropic, having resistivities that vary with direction. In laminar rocks like shales and slates, the
resistivity perpendicular to the laminae may be many times that parallel to it. Thus, a limitation of 2D
profiles is that out of plane variations may bias the recorded signal; 3D surveys can alleviate this
problem, but at a much greater inconvenience and cost of computer processing for large data sets.
7

Even when layers are uniform in thickness and resistivity, a new challenge arises if the layers are
sufficiently thin. Because of refraction, if one layer has much higher resistivity than the layers
sandwiching it, current flow through the layer will be almost vertical. If the layer is thin, another layer
having the same product of thickness and resistivity will have an almost identical effect on readings.
On the other hand, if a thin layer has lower resistivity, current paths tend to flow horizontally through
the layer. In this case, layers that have the same ratio of thickness to resistivity will appear the same.
Because of the principle of equivalence, in which different materials give the same electrical responses,
there are many different models that will give rise to the same apparent resistivity readings; in fact,
there are an infinite number of them. The difficulty of finding the one that is most correct is overcome
using inversion analysis.
Inversion Analysis
The problem of non-uniqueness presents an obstacle to determining a true, quantitative model of
subsurface resistivity. There is generally a large range of models that can give rise to the same
calculated apparent resistivity values. The Res2DInv software uses a range of user-selectable starting
models and then iteratively refines the model until a user-selected value for convergence is achieved,
which is defined as a small change between successive models. A percent error between the observed
apparent resistivity and calculated apparent resistivity is then reported. The Root Mean Square (RMS)
error gives a measure of the of the difference between iterations.
It is essential to our interpretation of the data to find the model for which the difference between the
calculated and measured values is minimized. The purpose of the Res2DInv software is to determine
the resistivity of the discrete regions within the model that will best reproduce the measured apparent
resistivity values. To do this, Res2DInv implements a smoothness-constrained least-squares inversion
method. The least-squares method is useful as a measure of misfit since it leads to simple analytical
forms for the equations in the minimization problem. It will tend to give the right answer if the misfit is
caused by stochastic, Gaussian noise in the observed data. The smoothness-constraint on the model will
tend to suppress unbounded oscillations in the solution, but at the expense of poorer resolution of a true
sharp contrast in the geologic structure. The advantage of this approach is that any structure present in
the smoothed model must be real, since the method has tried to suppress it.
The model is defined by a two-dimensional grid of rectangular prisms, each having a uniform
resistivity. This grid is referred to as the regularization mesh. By default, the widths of interior blocks
are made smaller than the data resolution length, so that the arbitrary locations of the block boundaries
do not affect the final model. For this investigation, a mesh with 4 nodes in the horizontal direction
between adjacent electrodes was used. The vertical thickness of the cells is increased with depth to
reflect the decreasing resolution of the resistivity method with increasing depth.
The finite-difference discretization for each node in the regularization mesh gives rise to the matrix

equation
Gm = d
In this notation, m is the model vector, G is a linear operator that acts on the model to predict the data,
and d is the data vector of measured apparent resistivity values. G is an n x p matrix where p is the
number of blocks in the model and n is the number of apparent resistivity data points. The model
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vector, m, is a function of p parameters which are elements of a vector θ = (θ1,θ2,…, θn). The
parameters of m are the true resistivity values.
If we assume that model response is a linear function of its parameters, the resistivity of each cell can
be approximated with the first term in a Taylor series expansion. That is, if m is of the form
mi(θ) = mi(θ0 + Δθ),
first-order Taylor expansion of mi(θ) yields
mi(θ0 + Δθ) = mi(θ0) + δmi/δθj (Δθj)
In vector notation, this is written as
m(θ) = m0 + JΔ
In equation (11), m0 is the initial model response vector and J is the Jacobian matrix of partial
derivatives, the elements of which are given by Jij = δmi/δθj. The Jacobian matrix is usually not square
or of full rank; in fact, it is usually overdetermined. This means that for an n x p matrix, the number of
data points n exceeds the number of model parameters p. The perturbation vector Δ represents the
changes in the parameters θj such that Δ = θj – θj-1.
Since this is a least-squares optimization problem, the perturbations in θ must be chosen so as to
minimize the sum of the squares of the error between the the model vector m and the data vector d. The
error vector, e, is represented by
e=d–m
Substitution yields
e = d - (m0 + JΔ)
Rearranging terms, we have
d – m0 = e + JΔ
g = e + JΔ
where the discrepancy vector, g, contains the differences between the initial model response and the
observed data. Thus,
e = g – JΔ
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and we seek a value for Δ such that the cumulative squared error, eTe, is minimized. Since squaring a
matrix requires the number of rows and columns in the matrix to be the same, we multiply the Jacobian
by its transpose. The solution is then given by
JTJΔ = JTg
Solving for Δ gives the Gauss-Newton equation Δ = (JTJ)-1JTg. The Jacobian matrix for a homogenous
earth model, which can be computed analytically, is used for the first iteration. A finite-element
updating method is used to recalculate the Jacobian for subsequent iterations. This procedure usually
converges within the first 5 to 10 iterations.
Actually, we want an inversion algorithm which constrains the change in the model resistivity values to
be smooth, so we must modify the above equation slightly. The introduction of a flatness filter matrix,
multiplied by a damping factor, to the left side of the equation yields

(JTJ – λF)Δ = JTg
where F = fxfxT + fzfzT, the flatness filter matrices for the horizontal and vertical directions. The
amplitudes of the elements of the flatness matrix are increased by 10% for each deeper row. The
damping factor, λ, controls the trade-off between model smoothness and the degree of misfit. It usually
changes between iterations. Data points with a larger difference between the measured and calculated
values are generally given more weight. Thus, Equation 18 gives the inversion algorithm that
assembles a true, quantitatively meaningful resistivity section from a collection of four-electrode
soundings.
The Los Osos Fault Zone
Electrical tomography data was obtained for a shallow fault located within the Los Osos fault zone, a
west-northwest-trending reverse fault along the south-central California coast [Lettis and Hall, 1994].
The fault zone is a region of active Quaternary deformation, with an average hanging wall uplift rate of
0.2 mm/year.
The Los Osos fault zone is segmented into four structural blocks based on differences in recency of
activity and slip rate along the fault. From northwest to southeast, they are named the Estero Bay, Irish
Hills, Lopez Reservoir, and Newsom Ridge segments. The segments are further divided into sub-blocks
according to changes in geomorphic characteristics. This investigation takes place within the Cuesta
site in the northeastern margin of the Irish Hills sub-block, in the Pacific coastal region of San Luis
Obispo County. The regional map (Fig. 8) shows the segments of the fault zone, including areas of
detailed geologic investigation throughout the Los Osos Valley. The Irish Hills fault segment, which is
17 to 21 kilometers long, is a well-defined range-front fault exhibiting a strong expression of Holocene
activity. The most recent activity is suspected to be normal displacement due to erosional processes.
A reverse dip-slip fault was exposed by trenching during a 1994 study [Lettis and Hall, 1994]. The
informally named Cuesta trench T-2 lies 6.5 miles from the coast, near the intersection of Los Osos
Valley Road and Foothill Boulevard in San Luis Obispo (Fig. 7). The trench crosses an arcuate,
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northeast-facing escarpment that runs along a heavily vegetated hill to the west of LOVR. The satellite
image of Figure 7 shows the field area, with the survey line represented by the solid red line. The
orientation of the line is perpendicular to the strike direction of the fault.
Mapping of the trench wall revealed that the fault juxtaposes rocks of the Franciscan Complex in the
hanging wall against alluvial strata in the footwall [Lettis and Hall, 1994]. The Franciscan Complex
here is a melange of large and small rocks that formed before faulting brought them together.
Greywacke, chert, serpentinite and greenstone are typical of the rock-types found in Franciscan
Melange. The older alluvium consists mostly of unconsolidated to poorly-consolidated clayey gravel
that may correlate with sediments of the Pleistocene Paso Robles Formation. It may also contain finer
sand, silt, and limestone that formed from deposition in flood plains and small lakes [Lettis and Hall,
1994].
An additional trench called Cuesta trench T-3 was excavated 9 meters to the northeast of T-2. T-3 runs
parallel to T-2 and provides another exposure of the fault observed in T-2 while also revealing three
other prominent yet shallow faults. Similar to the fault at T-2, each of these faults are also dip-slip
reverse faults with the hanging wall melange displacing older alluvium. These faults are interpreted to
be the expression of secondary backthrusting from the main SW dipping Los Osos Valley Fault, each
having a sense of displacement opposite to their associated primary fault. The surface, or cumulic soil
exposed by the trench is a clay-rich vertisol that lacks apparent horizons. A diagrammatic log of Cuesta
trench T-3 is included in Figure 10.
It is the contrast between the resistivity profiles of the Franciscan Complex and the older alluvium
across the fault which this survey aims to resolve. Due to its higher levels of water saturation and
porosity, measurements taken with respect to the alluvium are suspected to yield lower resistivity
values than those taken with respect to the unsaturated melange material. The diagram in Figure 9
delineates the trench wall map of displacement of rock types along the northeast-dipping fault [Lettis
and Hall, 1994].
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Figure 7. The field area, located 1 km southwest of the intersection of Foothill Boulevard and Los Osos
Valley Road. The position of the surveys is indicated by the solid red lines. The longer line extended
138 m with 3 m inter-electrode spacing; the coordinates of its center were 35.26879° lat, 120.70756°
long, and its strike was N55E. The shorter line extended 46 m with 2 m spacing; the coordinates of its
center were 35.26838° lat, 120.70797° long, and its strike was N55E.
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Figure 8. Regional map showing segmentation of the Los Osos fault zone and late Quaternary uplift
rates of the San Luis/Pismo structural block. The survey discussed in this paper was conducted in the
northeastern margin of the Irish Hills sub-block.
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Figure 9. Trench wall map data of Cuesta trench T-2, documented by Lettis et. al, 1994. Depth to
bedrock appears to increase to the northeast along the fault and the Franciscan melange becomes
dominated by siltstone and sandstone (Kjfs).
Data Acquisition
The equipment used in this study was the Syscal KID Switch 24, a compact resistivity meter adapted
for shallow electrical surveys. Most notably, it has been used to aid archeological and civil engineering
research, and its usefulness as a geological mapping tool is well known to researchers. It consists of an
external 12V battery and an internal switching board which drives a network of electrodes. The
equipment to collect the resistivity data consists of two multi-core cables, each 60 meters long and with
12 electrode takeout positions at regularly spaced intervals. The computer-controlled switch changes
the combination and spacing of current and potential probes, while the cable is left in a fixed position.
Measurements are carried out quickly and automatically this way. The Syscal KID is a single-channel
data acquisition system, allowing the collection of one set of apparent resistivity data at a time.
After the Syscal KID has finished collecting electrical tomography data, the data is transferred to and
processed by the Prosys II software. Prosys numerically and graphically presents the data set, allowing
the user to manipulate and edit individual points. The user also has the option to filter the data
according to one or several specific parameters by choosing the range of values to be kept.
Surface topography can have a significant effect on apparent resistivity values. In Prosys, it is possible
to insert topographic data by modifying the electrodes' coordinates. Once the data has been edited and
modified to include topography, it can be exported to the Res2DInv format in order to perform a 2D
14

field data interpretation to get the true resistivity sections.

Figure 10. Diagrammatic log of Cuesta trench T-3 showing additional dip-slip faults in the hanging
wall block of the Los Osos fault zone. From left to right along the trench: The fault in section AB is the
same as revealed in trench T-2; in section BC, ~60 m from A, another reverse fault dipping NW is
mapped in the trench wall; in section CD two connected faults are revealed just below the surface,
~105 m from A. These last two faults are not resolved in the resistivity survey.
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Results and Discussion
The measurements from the electrode array are arranged in a 2D inversion model showing both vertical
and lateral variations in resistivity in units of ohm-meters (Ω-m). Electrical profiles performed with
different spacing values showed a general increase of resistivity from southwest to northeast across the
fault zone without a strong gradient suggesting the fault location.
A 46 m long line with 2 m spacings was laid with its midpoint about the center of the fault scarp,
achieving a maximum investigation depth of 8 m. Figure 11 displays the results of the resistivity
inversion, which starts from an homogenous earth model. To accommodate order-of-magnitude
variations, the color contour intervals are by default arranged in a logarithmic, rather than linear,
manner. In this cross-section the resistivity values are confined to the narrow range of 6.9 to about 25
Ω-m.
The presence of a fault below the topographic scarp, juxtaposing two blocks with different resistivity
values, is evident. Up to a depth of 2.5 m, the subsurface is characterized by crudely stratified layers of
relatively uniform resistivity, ranging from 7 to 14 Ω-m. Below this depth, a strong lateral contrast at a
distance of 22 m could be interpreted as a fault dipping to the northeast. At 22 m, the profile exhibits an
increase at the approximate emplacement of the fault, from 7 to 10 Ω-m in the southwest block to
around 20 Ω-m in the northeast block. This result is in accordance with our expectations, as indeed,
comparison of the model to trench wall data verifies that the low resistivity zone is correlated to
partially saturated alluvial deposits in the footwall, and the high resistivity zone corresponds to
hanging wall melange.
A longer survey extending 138 m was staked out at 3 m spacings using a roll-along method, which
consists of leapfrogging one cable to the end of the other to extend the profile length. The results of the
inversion are displayed in Figures 12 and 13. The section imaged by the line correlates to the 125 m
long excavation in Cuesta trench T-3.
In this model, as in the previous one, the major fault trace coincides with the center of the prominent
scarp (here, at 36 m); although the vertical contact which so clearly appears below the scarp in the
previous model is missing from this longer one. Instead, the boundary appears to grade slowly from left
to right (between 30 m and 42 m), only faintly suggesting the upward thrust of bedrock over alluvium.
Because this survey used larger electrode spacings than the previous one (5 m vs 3 m), the resolution of
the inverted image is somewhat poorer. Though the resistivity meter is still able to detect minute
resistivity contrasts, the contrasts are averaged over a larger region, resulting in a loss of detail. The
finer features of the fault are also obscured, such as its dip-angle, or the angle of descent relative to the
horizontal plane. Neither is the thin cumulic soil layer just below the surface resolved. A dipole-dipole
survey using 3 m spacing or 2 m spacing, would be a useful supplement to our data for Cuesta Trench
T-3, due to its high resolution relative to the Wenner array.
Appearing approximately 36 m to the northeast of the base of the scarp, extending horizontally from 72
m to 107 m and at a depth of about 5 m, is a blocky region of higher resistivity (~36 Ω-m). Lower
resistivity contours (15-25 Ω-m) slope away toward the left. This feature may be the result of the
electrical survey picking up the presence, but not geometry, of the secondary fault occurring in the BC
section of the trench wall diagram of Figure 10. In Figure 13, the dotted black line crossing diagonally
through the region projects to the surface at the approximate location corresponding with the surficial
16

expression of the fault in the trench wall diagram.
It behooves the interpreter of these cross-sections to remember that in the absence of a priori
knowledge about the faulting of the imaged region, there are multiple other geological explanations
that can give rise to the same electrical response. For example, one might be tempted to conclude that
the blue region to the southwest may have been, by faulting, thrust up and over the red, green, and
yellow region appearing to the northeast; whereas we know, due to evidence corroborated by other
studies (i.e., the paper by Lettis et. al.), that it is the region to the northeast that was displaced over the
blue region in Figures 12 and 13. Again, it is the problem of non-uniqueness that limits the
interpretation of ERT results. It is as if, with ERT evidence, we are given the fingerprints left at a
crime-scene; but, combined with trenching data, we are given the videotape evidence that narrows
down the clues to an exact culprit.
Therefore, it is important to recognize that while the data indicates clear resistivity contrasts in the
subsurface that may be interpreted as the presence of faults, it is only because of trench wall mapping
(Fig. 9, 10) that it is known how to interpret the data correctly. The data from ERT does not clearly
resolve the dip angle or dip direction of the faults. This ambiguity in interpretation may be better
resolved (a), by utilizing a more detailed survey with smaller electrode spacing, and (b), by comparing
the results of other electrode arrays such as dipole-dipole to the Wenner array used here. Unfortunately,
time and land access issues limited the number of surveys that were able to be done.
Encouragingly, both the longer and shorter profiles provide consist ER results for the same region.
Both models display an increase from 8 to 20 Ω-m across the apparent fault zone at T-2. This provides
confidence that the survey reliably detects electrical resistivity contrasts and are valid for use in
geological interpretations. Again, lower resistivity zones are seen to the southwest, corresponding to
footwall sedimentary deposition, and higher resistivity zones are seen to the northeast, associated with
the hanging wall Franciscan complex.
Conclusions
DC ERT was applied to an active fault zone under the Quaternary layer in San Luis Obispo County.
The 2D inverted resistivity profiles correlated with the geological evidence from a previous trenching
study [Lettis and Hall, 1994]. The utility of the method lies in its ability to distinguish each
sedimentary unit (in this case, clayey alluvium and rocky Franciscan complex) as a distinct resistivity
zone. This proved useful for detecting the approximate fault locations in bedrock and for estimating
vertical displacement.
Resistivity sections corresponding to Cuesta trenches T-2 and T-3 indicated a definite contrast in
resistivity corresponding to the fault location of the trench wall maps (Fig. 9, 10, 11, and 12). However,
caution is required in interpreting these cross-sections. It is necessary to recall that in this study the
“answer” is known and ground-truthed by trench wall diagrams (Fig. 9 and 10). While the resistivity
cross-sections delineate a resistivity contrast in the correct location, the dip of the fault is not resolved.
Combined with seismic refraction surveys and ground penetrating radar, the resistivity method can be
used to resolve additional fault structure such as its dip angle or flexure structure (bending of the rock
bed) and fracturing.
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Figure 11. Resistivity profile by 2D inversion, using 2 m spacing, at Cuesta trench T-2. The diagonal
indicates the inferred fault position.

Figure 12. Resistivity profile by 2D inversion, using 3 m spacing, at Cuesta trench T-3. The diagonal
indicates the inferred fault position.

Figure 13. The same profile, with the inferred position of the secondary back-thrusting fault indicated
by the black dashed line.
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Figures
1. Figure 1. Current flow in uniform and layered subsurface (courtesy of
www.appstate.edu/~marshallst/GLY3160/lectures/12_Resistivity.pptx ).
2. Figure 2. The resistivity of rocks, soils, and minerals (modified from Palacky, 1988).
3. Figure 3. Arrangement of electrodes in an electrical survey (courtesy of www.geocities.ws).
4. Figure 4. Groundwater exploration using vertical electrical sounding (courtesy of
www.personales.upv.es).
5. Figure 5. The different electrode arrays and their geometric factors (taken from Loke et al.,
2013).
6. Figure 6. The arrangement of electrodes for a 2D electrical survey and placement of apparent
resistivity values to build up a pseudosection (courtesy of Dr. M. H. Loke, 2011).
7. Figure 7. Satellite image of field area (courtesy of Google Earth).
8. Figure 8. Map of the Los Osos fault zone (courtesy of Lettis et. al, 1994).
9. Figure 9.Trench wall data of Cuesta trench T-2 (courtesy of Lettis et. al, 1994).
10. Figure 10. Trench wall data of Cuesta trench T-3 (courtesy of Lettis et. al, 1994).
11. Figure 11. 2D inversion profile with 2 m spacing obtained by Res2DInv
12. Figure 12. 2D inversion profile with 3 m spacing obtained by Res2DInv
13. Figure 13. 2D inversion profile with 3 m spacing obtained by Res2DInv
References
Lettis, W.R. and Hall, N.T. (1994) Los Osos Fault Zone, San Luis Obispo County, California.
Geological Society of America Special Paper 292.
Loke, M.H. (2000) A practical guide to 2-D and 3-D surveys. Published by www.georentals.co.uk.
Moukadaki, M.A., G.P. Karatzas, M.P. Papadopoulou, and A. Vafidis (2007) Identification of the saline
zone in a coastal aquifer using electrical resistivity tomography data and simulation. Water Resource
Management (21) 1881-1898.
Osella, A., Chao, G., and Sánches, F. (2001) How to detect buried structures through electrical
measurements. Am. J. Phys., 69, 455.
Palacky, G.J. (1988) Resistivity characteristics of geologic targets: in Nabighian, M.N., Ed.,
Electromagnetic methods in applied geophysics, 01: Soc. of Expl. Geophys., 53-130.
Park, S.K. and Wernicke, B. (2003) Electrical conductivity images of Quaternary faults and Tertiary
detachments in the California Basin and Range, Tectonics, V22, No. 4.
Smith, Douglas L. (1986) Application of the pole-dipole resistivity technique to the detection of
solution cavities beneath highways. Soc. of Expl. Geophys., 51(3), 833- 837.
Suzuki et al. (2003) Case studies of electrical and electromagnetic methods applied to mapping active
faults beneath the thick quaternary. Engineering Geology, 56, 29-45.

19

Telford, W.M., L.P. Geldrart, and R.E. Sheriff (1990) Applied Geophysics, 2nd ed., Cambridge.
Ward, S. H., 1990, Resistivity and induced polarization methods: in Geotechnical and Environmental
Geophysics, Vol. 1, Ward, S. H., ed: Soc. of Expl. Geophys.
Wightman, W. E., Jalinoos, F., Sirles, P., and Hanna, K. (2003). "Application of Geophysical Methods
to Highway Related Problems." Federal Highway Administration, Central Federal Lands Highway
Division, Lakewood, CO, Publication No. FHWA-IF-04-021, September 2003.

20

